Recent research has highlighted the high incidence of errors in spreadsheet models used in industry. In an attempt to reduce the incidence of such errors, a teaching approach has been devised which aids students to reduce their likelihood of making common errors during development. Keywords: spreadsheets, errors, audit, risk-management, teaching
The Academic Research Experience
For the past 15 years, Professor Raymond Panko at the University of Hawaii has been studying and writing prolifically upon the phenomenon of spreadsheet error. In addition to compiling bodies of data from research establishments and businesses around the world he has conducted his own experiments with students. It is not possible to report upon all of Panko's findings in this paper but a recent paper of his shows a comparison of findings from several educational studies (see fig.1.1 
THE CAUSES OF ERRORS DURING TRAINING
There is a common problem with students learning new computing skills. Research conducted by Van Vliet et al [2] into comparing self-appraisal and objective tests of learners abilities has indicated that novices of both sexes consistently overrate their own computer literacy skills. This has led them to think they have correctly solved a problem when, in fact, they have not.
Panko R. [12] , cites one experiment in which student spreadsheet developers were given a spreadsheet to build from a written specification. The 'developers' were then asked to estimate the likelihood that they had made an error during development. The median estimate was 10%, and the mean was 18%. In fact, 86% had made an error in their spreadsheet. When debriefed in class and asked to raise their hands if they thought they were among the successful 14%, well over half of all subjects raised their hands.
Research conducted by Chadwick et al. [3] has also shown that student spreadsheet builders frequently make errors that they are quite confident are not there and are often amazed when the errors are pointed out to them. The same research has catalogued the different types of common errors and has shown that, amongst student spreadsheet builders, there is a tendency to create formulae that do not accurately model the calculations and processing phenomena of the real-world, and to copy formulae incorrectly from one part of a spreadsheet model to another. An assertion made in Chadwick et al. [3] is that even when training is given it too frequently concentrates on 'how to do things correctly' and often ignores 'how to avoid doing things incorrectly'. One possible way of 'avoiding doing things incorrectly' is to make novice spreadsheet builders more aware of common errors and encourage them to apply checking controls during development commensurate with the amount of risk associated with producing a possibly incorrect model. This is supported in the professional audit literature reviewing the teaching of computer auditing:
"In terms of teaching …several activities can help students …understand that control should be used sparingly but appropriately; the right amount of control depends on the associated risk" Herremans [4] During the exercise reported in this paper, students were specifically asked to assess the risks inherent in any model they built. Error-awareness skills were also extensively developed by providing opportunities for students to check for errors :
1. through self-assessment by error-auditing their own spreadsheet models and also those deliberately seeded with errors for training purposes, 2. through peer-assessment by auditing the models of other students.
SELF AUDIT
Self-assessment performed by students has been gaining in popularity in the last few years as a means of enabling students to be reflective on the quality of their own work. Such an approach has been found to be effective in improving intellectual internalisation and intuition [9] . During the trials reported herein selfassessment techniques were based upon the self-audit methods in use in industry. Formal lecture sessions were given in which students were encouraged to consider the advantages and disadvantages of spreadsheet audit in general. The main lecture themes were designed to improve awareness of:
• the usefulness of auditing spreadsheet models, • the need to find errors, their causes and effects,
• the business risks associated with incorrect spreadsheets,
• the common errors by being exposed to them through seeded models,
• the advantages of using self-audit check lists during development.
Improving Awareness of the Usefulness of Self-Auditing
Students were made aware that Control Self Assessment (CSA) techniques were accepted audit methods in industry. They were asked to consider the advantages and disadvantages of performing self-checking as in fig  3. 1. 
Improving Awareness of Errors, Their Causes and Effects
Students were encouraged to identify the events during development which could create, propagate or exacerbate errors. They were asked to tabulate what they thought were possible error-events, their causes and possible effects as in fig. 3 .2. 
Fig. 3.2 Sample Error-Event

Improving Awareness of Business Risks
As part of their introduction to CSA, students were told that organisations often extended CSA to consider the inherent risks (Control and Risk Self-Assessment or CRSA). CRSA, in this context, involved personal awareness of the risks inherent in a spreadsheet project, the possible error situations, alternative arrangements a client may need in event of failure as well as the developer's own response to failure and problems. Students were encouraged to identify the possible risks inherent in an application they had been asked to develop and to identify the minimum risk-set. 
Improving Awareness Using Specially Seeded Models For Training
Improving awareness of errors was accomplished by presenting students with spreadsheet models deliberately created with errors and asking them to identify the errors and assess the extent of commercial risk associated with them. An introductory example from the teaching materials is shown in 3.4.1 (there were more complicated models!). Entrance Ticket sales 4,000 3,500 3,000 3,000 4,000 5,000
Example of An Error Seeded Model
Bar sales: drink and food 1,500 1,000 1,000 1,000 2,000 2,000 TOTAL INCOME 5,500 4,500 4,000 4,000 6,000 7,000
Wages: bouncers and bar staff 1000 1,000 
Practical Self Assessment Check List
The use of check lists is well documented in audit literature. Their use has also been championed in educational studies with business students learning to build spreadsheet models [8] . The checklist used with students in the research reported herein was a pre-event checklist asking students to consider appropriate action prior to building a spreadsheet. Fig. 3 .5 The Self-Assessment checklist stages (RADAR life-cycle, spreadsheet modularisation, logical models, and 2-A's approach are spreadsheet building methods developed and taught at the University of Greenwich -for further information on some of these terms refer to Chadwick et al [5] and Rajalingham et al. [6] and [7] . For risk assessment see 3.3 above)
PEER ASSESSMENT
Peer assessment is frequently used as an educational tool because "of its potential for the development of students' autonomy, maturity and critical abilities" [10] . The advantages are cited as giving students appreciation of other students' work and thereby identifying common mistakes. However, there are generally two main criticisms from the students' point of view. It is commonly stated that although the peer assessor is given the opportunity to review another students work, they, the peer assessor do not : • gain any particular new skills by so doing,
• have their own proficiency at peer assessment itself assessed,
• understand why they should perform part of the tutor's job. These factors have been major drawbacks to the use of peer assessment generally. However, as a possible solution to this, the approach herein described uses methods derived from the peer audit functions commonly used in industry. Peer audit is a method promoted by internal audit departments whereby application development projects are checked against corporate standards by persons not involved in the original development but of equal skill and business knowledge to the original developers. Such peer auditors are commonly trained in basic audit techniques and taught how to report their findings. Significant savings have been made by companies employing this approach as it reduces the need for a costly central audit department. It also enables far more frequent reviews to occur and at much earlier stages in the application development life-cycle. A peer assessment method used in education and based on professional peer audit was considered to possibly have certain advantages which would address some of the criticisms given by students above. For the assessing students in particular, it was considered that they might develop a set of skills commensurate with those of practicing auditors and which would be immediately transferable to a work environment. Proficiency in such skills could also be educationally assessed.
The peer audit skills were taught using lectures and practical exercises revolving around:
• improving awareness of the usefulness of peer-audit,
• a practical peer audit check list,
• practical guidance on writing a peer-audit report,
• exercises for peer audit practice.
Improving Awareness of the Usefulness of Peer-Audit
Students were introduced to peer-audit and encouraged to tabulate the advantages and disadvantages. 
Practical Peer Audit Check List and Peer Audit Report
Three types of practical audit methods were used to develop skills in searching for and identifying errors and omissions in other students' work. Peer assessing students were encouraged to:
• find errors in other students spreadsheets using a post-event check list,
• prepare an audit report on their findings. The post-event check list ( fig. 4.2) was used by the assessing student to check that the assessed student had actually done what was required in terms of the standards of model development defined in the requirements specification given to them.
Fig. 4.2 Peer Audit Check List and Report Contents
Exercises In Use of the Peer Audit Method
The peer audit method was used for practical assessment of each student's spreadsheet. The peer exercise occurred in a university computing laboratory with a working version of the spreadsheet. This was in accordance with the work of Boud (in Heywood, 1989 ) who argued;
"peer assessment should be formalised in the laboratory. In this way students begin to take responsibility for their own learning and gain insight into their own performance through having to judge the work of others.
[11]
Fig. 4.3 Peer Audit Sheet giving instructions on how to perform audit
Each student was given a written requirements specification and given time to build the appropriate spreadsheet model. The model was then audited by another student using the peer audit sheet (sample shown in fig. 4. 3) who gave a mark and wrote an audit report upon his/her findings. The audited student received the mark and the auditing student was themselves graded by the tutor on the quality of their audit report.
To avoid collusion and bias, it was deemed necessary to select the auditing 'pairs' by producing a list of names, randomly sorted, and requiring each to audit the name beneath theirs in the list with a wrap from bottom to top of the list. This ensured that:-
• students did not audit their personal friends,
• no mutual-audit pairs arose i.e. A audits B, B audits A,
CONCLUSIONS
The audit approach was used on a cohort of second year undergraduate information systems students. These fairly novice students (in serious spreadsheet work) were selected for this project for two reasons. They were generally eager to participate in new assessment methods and also had not yet formed bad habits which resulted in poor spreadsheet model design. This is in keeping with the suggestion by Habeshaw et al. [10] and also by Chadwick et al. [1] that peer assessment techniques should be started early in the programme of study.
Analysis of Student Feedback On The Exercise
Anonymous feedback was obtained from 42 participating students who answered five questions and were permitted to give comments. All reported favourably on most criteria (except report writing) saying they had not only learned from the experience but also enjoyed it. 
SELF AUDIT: was the exercise useful in exposing your mistakes?
Students commented favourably on the disciplined approach forced upon them. Although they identified the time overhead of having to think about inherent risks they felt that the insight gained into possible problem areas outweighed the time overhead.
SEEDED MODEL: were these useful in increasing your ability to find mistakes?
Students were keen on this method of raising error-awareness and requested more exercises of further complexity.
PEER AUDIT: was the exercise useful in developing your skills for finding errors in other people's work?
Student were enthusiastic that having to audit each other's work had been a beneficial exercise. Many remarked how surprised they were to see the variety of spreadsheet models produced from what they had considered to be requirements that only had 'one' solution.
PEER REPORT: was the exercise useful in developing your report writing skills?
The seemingly negative reply to this question may indicate that the question was wrongly asked on the follow-up questionnaire. It may well have been that the report was not useful in 'developing' skills already in existence (all the students had already received much exposure to report writing opportunities).
PEER AUDIT: was being audited a learning experience for you?
There is no doubt, from the feedback received, that students were motivated to do well by the prospect of having their work examined by another.
Analysis of The Complete exercise
Crucial to the success of this exercise were:
Extracted • early explanation of the rationale for the peer and self-assessment,
• clear and simple instructions for the students to follow,
• objective criteria using prescribed test data, and
• monitoring of the exercise by the tutor through viewing the audit report. The work continues with current cohorts of students and the methods used have been refined. The concept of peer and self audit has proved to be so useful with spreadsheet teaching that it is now being extended to the teaching of databases.
